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The attentional blink (AB) refers to a deﬁcit in the ability to identify a second target following a ﬁrst target when both appear ran-
domly within a rapid sequence of distractor items. The AB of ﬁve adults with dyslexia (ADys) was compared with that of a group of
normal adult readers. Two tasks were completed which diﬀered in the conceptual category of the target items (a red digit or letter) rel-
ative to the distractor items (all black digits). In the digit condition, all ADys cases showed a longer AB compared to the control group.
In the letter condition, all participants showed improvement in accuracy compared to the digit condition, but three ADys cases continued
to have a longer AB. The results suggest that (a) AB performance depends on task requirements, and (b) the attentional system is com-
promised in dyslexia. However, examination of individual case performance suggests that prolonged attentional dwell time is not a core
deﬁcit in dyslexia. The results also illustrate the limitations of group comparisons in small sample studies.
 2006 Elsevier Ltd. All rights reserved.
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The phonological deﬁcit hypothesis (Frith, 1997; Snow-
ling, 2000; Vellutino, Fletcher, Snowling, & Scanlon, 2004)
posits that developmental dyslexia results directly from an
underlying phonological impairment. One of the most
clearly established diﬃculties in dyslexia is with phonolog-
ical skills (Brady & Shankweiler, 1991; Bruck, 1992; Fel-
ton, Naylor, & Wood, 1990; Fox & Routh, 1980; Frith,
1995; Gathercole & Baddeley, 1990; Mody, Studdert-Ken-
nedy, & Brady, 1997; Pennington, Van Orden, Smith,
Green, & Haith, 1990; Snowling & Rack, 1991). For exam-
ple, children with developmental dyslexia have shown
impairment on phonological processing tasks such as pho-
nemic awareness, phonological learning and non-word rep-
etition (Brady & Shankweiler, 1991; Fox & Routh, 1980;
Pennington et al., 1990). The persistence of phonological0042-6989/$ - see front matter  2006 Elsevier Ltd. All rights reserved.
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& Nicolson, 1995) provides further support that this may
be a core problem in developmental dyslexia.
While the phonological deﬁcit hypothesis appeals to a
problem in the language system, other hypotheses propose
non-linguistic factors, either as alternatives to a phonolog-
ical deﬁcit, or as more ultimate causes of such a deﬁcit. For
example, Tallal (1984) has proposed that the phonemic def-
icit seen in dyslexia is a symptom of a more general deﬁcit
in processing rapid temporal sequences. Support for this
proposal has come from studies examining sequential pro-
cessing in both the visual and auditory modalities.
Temporal processing can be broadly deﬁned to include
any type of processing required when two or more stimuli
are presented in sequence. Four subdivisions for temporal
processing have been proposed: detection (or identiﬁca-
tion) of a single stimulus, determination of stimulus indi-
viduation, temporal order judgment and sequence1 This refers to individuals who received a formal diagnosis of dyslexia
as children, but show improved reading in adulthood.
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that individuals with dyslexia are as able as those without
dyslexia in detecting and identifying a single stimulus
amongst two or more, when diﬀerences are based on some
particular feature such as digit identity or pitch (Blackwell,
McIntyre, & Murray, 1983; Klein, Berry, Briand, D’Entre-
mont, & Farah, 1990; Tallal, 1980). In contrast, evidence
for impaired ability at stimulus individuation, temporal
order judgment and sequence discrimination across modal-
ities have been extensively reported in both adults and chil-
dren with dyslexia (Ben-Artzi, Fostick, & Babkoﬀ, 2005;
Eden, VanMeter, Rumsey, & Zeﬃro, 1996; Galaburda,
1993; Kinsbourne, Rufo, Gamzu, Palmer, & Berliner,
1991; Laasonen, Tomma-Halme, Lahti-Nuuttila, Service,
& Virsu, 2000; Martin & Lovegrove, 1987; Tallal, Stark,
& Mellitis, 1985). However, while Laasonen, Service, and
Virsu (2001, 2002) found a general correlation between
dyslexia and temporal input processing, they also reported
signiﬁcant overlap in performances by their dyslexia and
normal reading groups. They suggested that poor temporal
processing did not suﬃciently explain developmental read-
ing diﬃculties. Hari and Renvall (2001) have proposed that
the temporal deﬁcits observed in dyslexia are secondary to
a more fundamental attention deﬁcit, speciﬁcally a sluggish
attentional system. This system is considered to be slower at
directing attention to each successive stimulus, and/or less
able to maintain attention on each stimulus for the time
required to allow processing and identiﬁcation to be
completed.
Evidence for a role of visual attention in dyslexia has
been increasing. Children with dyslexia have been shown
to have diﬃculties in maintaining their attentional focus
(Facoetti, Paganoni, Turatto, Marzola, & Mascetti,
2000), while both adults and children with dyslexia have
demonstrated orienting diﬃculties on spatial cueing tasks
(Brannan & Williams, 1987; Buchholz & Aimola Davies,
2005; Facoetti et al., 2003; Facoetti & Molteni, 2001; Faco-
etti, Turatto, Lorusso, & Mascetti, 2001; Roach, Edwards,
& Hogben, 2004; Ruddock, 1991; Valdois, Gerard, Vana-
ult, & Dugas, 1995) and visual search tasks (Buchholz &
McKone, 2004; Casco & Prunetti, 1996; Heiervang & Hug-
dahl, 2003; Iles, Walsh, & Richardson, 2000; Vidyasagar &
Pammer, 1999). For example, Brannan and Williams
(1987) and Facoetti et al. (2000) found that whereas a con-
trol group responded faster to targets that were preceded
by a valid cue (80%) at target location, individuals with
dyslexia were no faster when the target appeared at the
cued location than when it appeared at an uncued location.
The reduced sensitivity of the group with dyslexia sug-
gested that the cues were not eﬃcient at attracting atten-
tional resources. Facoetti and Molteni (2001) have
proposed that the orienting diﬃculties observed were the
result of a diﬀusely distributed attentional system. These
diﬀerences were speciﬁcally demonstrated when the chil-
dren with dyslexia did not show an increase in response
times for target detection with increasing target eccentricity
(from central ﬁxation). On visual search tasks, researchershave found that poor readers took longer than skilled read-
ers to ﬁnd complex, multi-featured targets amongst confus-
able distractors (Casco & Prunetti, 1996; Heiervang &
Hugdahl, 2003; Iles et al., 2000; Vidyasagar & Pammer,
1999). Vidyasagar and Pammer (1999) suggest that this
reﬂects a deﬁcit in directing spatial attention. Vidyasagar
(1999) further suggests that this deﬁcit plays a direct role
in the reading diﬃculties observed in dyslexia, since reading
text requires controlled shifts of attention to diﬀerent loca-
tions in space. Indeed, Casco, Tressoldi, and Dellantonio
(1998) reported a signiﬁcant relationship between visual
selective attention and reading performance, and recently,
visual attention skills have been reported to make a contri-
bution to reading performance which is independent of
phonological skills (Buchholz & Aimola Davies, 2006; Val-
dois, Bosse, & Tainturier, 2004).
In contrast to the simultaneous displays used in visual
search tasks, other paradigms have been developed that
examine the time course of attention during the sequential
presentation of stimuli. These paradigms rely on Rapid
Serial Visual Presentation (RSVP) of stimuli, and vary
according to the simplicity of the task. One variation
requires participants to report one or two target items, dis-
tinguishable on some physical characteristic (such as digit),
presented within a stream of stimuli (often alphanumeric
characters). It has been generally found that control partic-
ipants are severely impaired at detecting the second target,
referred to as T2, when it is presented within 500 msec of a
correctly identiﬁed ﬁrst target, referred to as T1 (Raymond,
Shapiro, & Arnell, 1992; Duncan, Ward, & Shapiro, 1994;
Ward, 1999). Raymond et al. (1992) termed this impair-
ment an attentional blink (AB), an analogy to a suppression
of visual processing that occurs during rapid saccadic eye
movements (Volkman, Riggs, & Moore, 1980).
Several diﬀerent models have been proposed to account
for the AB, all of which emphasize that deﬁcits in T2 pro-
cessing are caused by the requirement to attend and process
T1 (Shapiro, Arnell, & Raymond, 1997; Chun, 1997; Isaak,
Shapiro, & Martin, 1999; Olson, Chun, & Anderson, 2001;
Potter, Staub, & O’Connor, 2002). When items are pre-
sented rapidly, as in the RSVP, attentional resources which
mediate selection and identiﬁcation of a target are heavily
taxed. Speciﬁcally, distractors interfere with target identiﬁ-
cation by masking the target representation (Chun & Pot-
ter, 1995; Seiﬀert & Di Lollo, 1997; Vogel & Luck, 2002)
and by competing for identiﬁcation and representation in
short-term memory (Shapiro, Raymond, & Arnell, 1994).
Furthermore, it has been recently demonstrated that dur-
ing the AB, a delay between detection and selection of tar-
gets occurs (Nieuwenstein, Chun, van der Lubbe, &
Hooge, 2005). Thus, if T2 is presented before T1 has been
processed and admitted into short-term memory (STM), it
cannot be processed eﬃciently and is therefore vulnerable
to passive decay and retroactive interference. Increasing
the time between T1 and T2 presentation allows T1 to be
more completely processed, thereby releasing attentional
resources for T2 selection and processing.
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examined AB in dyslexia. For example, Hari, Valta, and
Uutela (1999) examined a group of adults with dyslexia.
In their RSVP task, distractors were black letters, T1 was
a white letter and T2 was a black ‘X’. The participants were
required to identify T1 and report whether T2 was also pre-
sented. The group with dyslexia showed a signiﬁcantly
longer AB with maximum performance at stimulus onset
asychrony (SOA) of approximately 700 msec, compared
to the control group whose maximum performance
occurred at approximately 540 msec. This was interpreted
as indicating that the attentional capacity of the dyslexia
group was occupied for a longer period than the control
group. That is, they had a longer attentional dwell time.
Naming deﬁcits for objects, colours, letters and some-
times digits have been reported in dyslexia research (e.g.,
Denckla & Rudel, 1976; Landerl, 2001; Miles & Gibbons,
2002; Wolf, Bally, & Morris, 1986). Thus the AB reported
by Hari et al. (1999) may have in part been due to lan-
guage-speciﬁc factors rather than an attentional problem
per se. In an AB study of children with dyslexia, Visser,
Boden, and Giaschi (2004) used non-linguistic stimuli. Tar-
gets were geometric shapes which were identiﬁed by pressing
an appropriate matching button on a custom designed but-
ton box, alleviating the requirement for naming. The distrac-
tor items were patches of random dots. The group with
dyslexia demonstrated longer AB than an age-matched con-
trol group with performance at 1400 msec. However, their
performance was similar to the AB of a reading-matched
group of younger children. In addition, Visser et al. (2004)
made the observation that the AB found by Hari et al.
(1999) in adultswithdyslexiawas shorter than theABof their
childrenwith dyslexia. Based on the results of these two stud-
ies, they suggested that the AB deﬁcits observed in dyslexia
arise from attentional diﬃculties which (at least in part)
might stem from developmental delays. That is, the atten-
tional system is slower to mature for some of the children
with dyslexia, while for others it may not ever fully mature.
Performance of adolescents with dyslexia was examined
by Lacroix et al. (2005) using an RSVP task in which dis-
tractors were white digits and targets were red digits. Con-
trary to the ﬁndings of Hari et al. (1999) and Visser et al.
(2004), Lacroix et al. (2005) found the group with dyslexia
showed shorter AB than the control group. They suggested
that the shorter AB occurred because, unlike skilled read-
ers, those with dyslexia are unable to automatically process
the symbolic stimuli (digits) used in their study beyond ini-
tial encoding necessary for recall at the end of each trial.
However, Lacroix et al. (2005) reported that the T1 accu-
racy of the dyslexia group was comparable to that of the
control group. Thus it appeared the adolescents with dys-
lexia could allocate similar amounts of resources to main-
tain the targets in working memory.
Visser et al. (2004) also examined the eﬀect of distractors
on target identiﬁcation. They suggested that examining the
accuracy of identifying a single target amongst distractors
would reveal if interference from preceding distractorscauses the decrease in identiﬁcation of the target. In their
study, they observed similar performances by both the con-
trol and dyslexia group on such a task, thus concluding
that AB is the consequence of having to identify the ﬁrst
target and is not due to distractor interference alone. It
has been suggested that the time required for T1 to be con-
solidated into STM depends on factors such as confusabil-
ity between T1 and subsequent distractors (Chun & Potter,
1995; Raymond, Shapiro, & Arnell, 1995). The implica-
tions of this to previous dyslexia studies is that the percep-
tual interference from distractors may have been the
contributing factor to the longer AB seen in the dyslexia
groups. Interestingly, Visser et al. (2004) found that an
AB (longer in the dyslexia group) occurred even when dis-
tractors were perceptually dissimilar to the targets. This
ﬁnding suggests that the longer AB observed in dyslexia
is not due to perceptual interference, but rather to diﬃculty
in allocating attentional resources necessary for target
identiﬁcation.
In the present study, the eﬀect of varying target charac-
teristic (based on conceptual category) on AB was exam-
ined. In the ﬁrst experimental condition, all items shared
the same conceptual category (digits) with target selection
based on the physical characteristic of colour (target = red;
distractors = black). In the second experimental condition,
the target was again red but diﬀered in conceptual category
to the distractor items (target = letter; distractors = black
digits). If the individuals with dyslexia ﬁnd it diﬃcult to fol-
low a stimulus ﬂow and eﬃciently encode stimulus-speciﬁc
information into memory, then they should show a longer
AB than the control group. That is, it should be more dif-
ﬁcult for them to report the second target when the ﬁrst has
been successfully identiﬁed. If, on the other hand, the diﬃ-
culty they have is in automatically processing symbolic
stimuli (digits or letters), beyond initial encoding necessary
for recall, then they should show a shorter AB. Finally, if
the AB shown by the individuals with dyslexia are due to
the linguistic nature of the stimuli, then the AB should be
similar in the two conditions since both require naming
of stimuli. To determine whether the requirements of
attending to two consecutive targets impaired identiﬁcation
of both targets, identiﬁcation accuracy of T1 was also
examined. To examine the role of distractors, an additional
condition was included in which a single target was pre-
sented for identiﬁcation amongst the RSVP stream.
Previous studies have relied on comparisons between a
small group of individuals with dyslexia and a control
group. These comparisons do not always consider the nat-
ure and distribution of individual diﬀerences within the
groups. As such, the scores of a small number of individu-
als who perform poorly can contribute unduly to overall
mean diﬀerences between the groups (Cornelissen, Rich-
ardson, Mason, Fowler, & Stein, 1995; Hill, Bailey, Grif-
ﬁths, & Snowling, 1999; McArthur & Bishop, 2001;
Roach et al., 2004; Tallal, 1980). In this study, we present
both group and individual-case to control-group compari-
sons to examine such contributions.
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Five adults who had received a diagnosis of dyslexia as children, and
who currently met the criteria of dyslexia (ADys) as determined on the
Dyslexic Adult Screening Test (DAST: Fawcett & Nicolson, 1998), partic-
ipated in this study. This includes an assessment of nonsense passage read-
ing, phonemic segmentation, rapid naming, non-word/word reading,
spelling, verbal ﬂuency and writing. Phonological diﬃculties were shown
by all, with decreased ability at nonsense passage reading, phonemic
segmentation and non-word/word reading being evident. A measure of
Phonological Awareness (PA) was examined using the Phonemic Segmen-
tation subtest of the DAST. Phonemic segmentation is considered a direct
measure of phonological awareness (Adams, 1990), and does not require
the participants to read or write. It tests the ability to break a word into
its constituent sounds and manipulate those sounds (e.g., say stake with-
out the k). The DAST subtest also includes a series of spoonerisms, a more
complex test of this skill. It requires participants to exchange the begin-
ning sound of two words presented orally (e.g., John Lennon becomes
Lon Jennon). The control group consisted of eleven adults with no history
of reading diﬃculties. All participants reported that they did not suﬀer an
attention deﬁcit disorder or mood disorder. This was substantiated
directly through questions based on DSM-IV criteria (American Psychiat-
ric Association, 2000), and indirectly through observation by a trained cli-
nician. The participants had also successfully completed an optometric
assessment within the last two years. All participants gave informed writ-
ten consent, and the study was approved by the Human Research Ethics
Committee at the Australian National University.
Intellectual functioning was assessed using the Wechsler Abbreviated
Scale of Intelligence (WASI). Untimed reading and spelling abilities
for real words were further evaluated using the Wide Range Achievement
Test (WRAT-3: Jastak & Wilkinson, 1984). Detailed information on these
assessments are shown in Table 1.
Several methods have been developed to address the problems inherent
in examining and reporting on case studies (see Crawford & Howell, 1998;
Crawford & Garthwaite, 2002, 2004; Crawford, Garthwaite, Howell, &
Gray, 2004). Statistical adjustments are recommended to reduce the like-
lihood of Type I and Type II error. In this study we have employed the
modiﬁed t-test (Crawford & Garthwaite, 2002) to compare individual case
scores with control group means.Table 1
Group and individual dyslexia case characteristicsa
Age WASI DAST WRAT-3
V P FS PA (/15) Read Spell
Control group (n = 11)
Average 31.18 121.18 123.64 124.91 14.30 110.55 113.82
SD 8.27 10.28 8.58 10.15 0.90 4.27 6.23
Dyslexia group (n = 5)
Average 34.40 114.40 124.20 122.60 8.8 89.20 85.00
SD 12.64 3.21 3.96 4.72 1.92 11.34 12.75
Dyslexia individuals
GP 24 113 125 121 11 94 87
SM 27 114 127 128 9 105 100
SW 45 120 128 127 8 76 73
GM 51 112 123 120 6 81 71
TC 25 113 118 117 10 90 94
Note: digits in bold indicate a signiﬁcant diﬀerence when compared to the
control group, ps < 0.01.
a V, verbal; P, performance; FS, full scale; PA, phonological awareness.No signiﬁcant diﬀerences were found between each individual ADys
case and the control group on measures of Verbal IQ, Performance IQ
and Full-Scale IQ. Performance IQ was signiﬁcantly higher than Verbal
IQ for cases GP, SM and GM, a ﬁnding often reported for individuals
with learning disabilities. Analysis of data from the standardised reading
and spelling tests revealed that, compared to the control group, there
was impaired performance for all ADys cases on both tests, except case
SM who scored within the control group range on both tests of the
WRAT-3. However, cases GP, SM and TC were within the normal stan-
dardised range on these tests (i.e., within one standard deviation of the
standardised mean). This is consistent with the ﬁndings of previous studies
of adults with dyslexia (e.g., Bruck, 1992; Fawcett & Nicolson, 1995; Fel-
ton et al., 1990; Paulesu et al., 1996; Griﬃths & Frith, 2002; Brunswick,
McCrory, Price, Frith, & Frith, 1999) showing that phonological process-
ing diﬃculties persist even when literacy skills are in the average range.
These individuals are often referred to as compensated readers.
2.2. Apparatus and stimuli
Stimuli were presented using Psyscope on an Apple computer running
OS-9 with a 17-in. computer screen and a refresh rate of 85 Hz. The view-
ing distance was set to 50 cm using a chin rest. The stimuli were digits
(1–9) or upper-case letters (Geneva font: A, D, G, J, L, P, T, U) subtend-
ing approximately 0.7 · 0.7 of visual angle.
2.3. Procedure
Four conditions were run in separate sessions. In each condition, trials
began with the appearance of a ﬁxation cross (+) at the centre of the com-
puter screen for 800 msec indicating where the stimulus items would
appear. Participants were instructed to maintain their eye gaze on the loca-
tion of the ﬁxation cross. This was followed by a blank screen for 200 msec
and an RSVP stream of 16 black digits presented on a light grey back-
ground (40 cd/m2).
In the initial conditions, a single target, either a red digit or a letter,
was embedded within the RSVP stream of black digits. In the experimen-
tal conditions, two non-identical targets, either two red digits or two red
letters, were randomly embedded (see Fig. 1 for the digit condition). Each
stimulus was presented for 100 ms and was never presented twice in a row.
In the experimental conditions, the ﬁrst target (T1) always appeared in
position 3–7 within the stream, and was separated from the second target
(T2) by 1 (SOA = 200 msec; Lag 1), 3 (SOA = 400 msec; Lag 3), 5
(SOA = 600 msec; Lag 5), or 7 (SOA = 800 msec; Lag 7) distractor(s).
The initial conditions were identical to the experimental conditions except
that T1 was omitted and replaced with a black digit.
At the completion of the trial, participants were presented with a ques-
tion on the screen asking for the identiﬁcation of each target, which they
reported by pressing the corresponding key on the keyboard. For each
experimental condition, a block of 20 practice trials was followed by 5
experimental blocks of 80 trials. Within each experimental block, this cor-
responded to 20 trials for each of the four lags.
To allow the number of distractors to be equated, the single target in
the initial conditions appeared at the same location (notional lag) in the
RSVP stream as T2 appeared in the experimental conditions. This allowed
T2 performance to be estimated in the absence of T1 in the RSVP stream.3. Results
3.1. Initial conditions
Mean accuracy of target identiﬁcation at each notional
lag, in each initial condition, was calculated for each partic-
ipant. An omnibus repeated measures Analysis of Variance
(RM-ANOVA) with Condition (digit, letter) and Notional
Lag (1, 3, 5, 7) as the within-subjects factors, and group
Fig. 1. Example representation of the RSVP paradigm procedure for the experimental condition where targets (red digits) and distractors (black digits)
belonged to the same conceptual category, digits. In the second experimental condition the distractors remained the same but the targets were red letters,
thus belonging to a diﬀerent conceptual category. (For interpretation of the references in colour in this ﬁgure legend, the reader is referred to the web
version of this article.)
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out on this data. A signiﬁcant eﬀect of Lag, F(3,42) = 8.95,
p < 0.001 was found. No other signiﬁcant main eﬀects or
interactions were found (ps > 0.3). As seen in Table 2, each
ADys case showed some improvement with notional lag.
Overall, these results demonstrate improved accuracy with
increasing notional lag for both the ADys cases and the
control group. Mean accuracy of target identiﬁcation was
95.7% for the control group and 93.1% for the dyslexia
group. Also from Table 2, it appears that case GM does
not reach the same accuracy performance as the control
group at all notional lags. This was aﬃrmed by a modiﬁed
t-test (Crawford & Garthwaite, 2002), indicating case GM
was signiﬁcantly less accurate than the control group at
each lag (p < 0.01). Thus, while case GM is able to identify
a single target, it may be that the fast presentation rate
causes greater diﬃculty than for the other ADys cases
and the control group.
These ﬁndings support those of Visser et al. (2004) and
may reﬂect an increase in participants’ alertness in prepara-
tion for the target, made possible by the increase in time
before its presentation (Posner, 1980). Importantly, these
ﬁndings indicate that the participants in this study are able
to identify a single object in an RSVP stream. This is alsoTable 2
Accuracy of single target identiﬁcation as a function of notional lag,
presented for the two groups (control, ADys) and each adult dyslexia case
Notional lag
1 3 5 7
Control group (n = 11)
Average 94.36 94.55 96.55 97.45
SD 2.80 3.21 2.94 1.75
Dyslexia group (n = 5)
Average 91.00 92.60 94.20 94.60
SD 4.36 6.07 4.76 4.88
Dyslexia individuals
GP 92 96 98 96
SM 95 93 95 98
SW 90 96 95 96
GM 84 82 86 86
TC 94 96 97 97
Note: digits in bold indicate a signiﬁcant diﬀerence when compared to the
control groups, ps < 0.01.consistent with the previous results by Tallal (1980), Black-
well et al. (1983), and Klein et al. (1990). It has previously
been suggested that performance deﬁcits observed in the
experimental condition are a consequence of identifying
T1 rather than distractor interference alone (Visser et al.,
2004). That is, the requirement to increase the allocation
of attentional resources to identify T1 may also result in
the distractors being partially processed, leading to inter-
ference and thus reduced ability to attend and identify both
T1 and T2. Thus, the AB provides a measure of eﬃciency
in attentional allocation (Raymond et al., 1992; Seiﬀert &
Di Lollo, 1997).3.2. Experimental conditions
Mean percentages of correct T1 identiﬁcation in each
experimental condition, as a function of the lag between
T1 and T2, lag are illustrated for each experimental group
in Fig. 2. An omnibus RM-ANOVA with Experimental
Condition (digit, letter) and Lag (1, 3, 5, 7) as the within-
subjects factors and group (control, dyslexia) as a
between-subjects factor was carried out. This analysis
revealed signiﬁcant main eﬀects of Experimental Condi-
tion, F(1,14) = 9.64, p < 0.01; Lag, F(3,42) = 7.47,
p < 0.001; and Group, F(1,14) = 5.87, p < 0.05. A signiﬁ-
cant Experimental Condition by Group interaction was
also observed, F(1,14) = 12.39, p < 0.01. These results indi-
cate that overall T1 accuracy was (a) poorer in the digit
condition (92.2%) than in the letter condition (94.3%), (b)
gradually improved as lag increased for both groups, and
(c) lower in the group with dyslexia (89.6%) than in the
control group (96.8%). Follow-up paired sample t-tests
revealed that the improved performance in the letter condi-
tion could be attributed to the dyslexia group who showed
signiﬁcant improvement, t(4) = 2.91, p < 0.05. Perfor-
mance across the two experimental conditions did not dif-
fer signiﬁcantly for the control group, t(10) = 0.46,
p > 0.50. This is not surprising given that overall perfor-
mance in each condition was close to ceiling.
From Fig. 2 it can be seen that the dyslexia group
showed greater variability than the control group. Mean
percentages of correct T1 identiﬁcation in each experimen-
tal condition, as a function of the lag between T1 and T2,
are illustrated for the control group and each ADys case in
Fig. 2. Mean T1 response accuracy for each group as a function of diﬀerent intervals between T1 and T2; (a) digit condition; (b) letter condition.
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were carried out to compare the performance of each ADys
case with that of the control group at each lag. In the digit
condition, case SM met the accuracy level of the control
group only after a 400 msec lag (p > 0.05). Case SW ini-
tially performed as well as the control group (ps > 0.05),
but appeared to have greater diﬃculty at longer lags
(ps < 0.01). This may be indicative of a deﬁcit in the ability
to maintain T1 in short-term memory with increasing dis-
tractor interference. The performance of all the other ADys
cases was below that of the control group across lags (ps <
0.01). In the letter condition, cases SM, SW, and GP per-
formed as well as the control group across all lags (ps >
0.05). While both cases TC and GM showed improvement
in the letter condition, only case TC reached the same level
of performance as the control group (95% conﬁdence inter-
val) at 800 msec lag (p > 0.05). The performance of case
GM appears to asymptote at around 75–80% accuracy in
both experimental conditions.Fig. 3. Mean T1 response accuracy for the control group and each individual
condition; (b) letter condition.Mean percentages of correct T2 identiﬁcation in each
experimental condition, as a function of the lag between
T1 and T2, are illustrated for each experimental group
in Fig. 4. An omnibus RM-ANOVA with Experimental
Condition (digit, letter) and Lag (1, 3, 5, 7) as the within-
subjects factors and group (control, dyslexia) as a
between-subjects factor was carried out. This analysis
revealed signiﬁcant main eﬀects of Experimental Condi-
tion, F(1,14) = 58.07, p < 0.001; Lag, F(3,42) = 44.77,
p < 0.001; and Group, F(1,14) = 14.97, p < 0.01. A signiﬁ-
cant Experimental Condition by Lag interaction was also
observed F(3,42) = 16.87, p < 0.001. These results indicate
that overall T2 accuracy for both groups was (a) poorer in
the digit condition (76.74%) than the letter condition
(88.65%), (b) gradually improved as lag increased, consis-
tent with the presence of an AB in both groups, and (c)
lower in the group with dyslexia (75.25%) than in the con-
trol group (90.14%). Follow-up contrasts between each lag
revealed that, for the digit condition, performanceADys case as a function of diﬀerent intervals between T1 and T2; (a) digit
Fig. 4. Mean T2 response accuracy for each group as a function of diﬀerent intervals between T1 and T2; (a) digit condition; (b) letter condition.
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condition, performance reached asymptote at lag 5, that
is, 600 msec (ps < 0.05). Furthermore, a paired-sample t-
test comparison of the two experimental conditions, for
performance change between lag 3 and lag 1, revealed that
the AB was signiﬁcantly longer in the digit condition than
the letter condition (p < 0.001).
From Fig. 4 it appears that the AB diﬀerence between
control and ADys groups was not the same across experi-
mental condition. To test this, independent t-tests at each
lag were carried out for each experimental condition. The
results indicated that the ADys group reached the same
level of performance as the control group at lag 7 in the
digit condition, but at lag 5 in the letter condition
(ps > 0.05, equal variance not assumed). At the 90% perfor-
mance level, the AB for the control group in the digit con-
dition was approximately 400 msec, and in the letter
condition approximately 250 msec; for the dyslexia groupFig. 5. Mean T2 response accuracy for the control group and each individual
condition; (b) letter condition.it was 800 msec and 600 msec, respectively. Note that the
diﬀerence between the two groups remained relatively the
same across experimental condition (approximately
400 msec).
Also from Fig. 4 it can be seen that the dyslexia group
showed greater variability in each experimental condition
than the control group. Mean percentages of correct T2
identiﬁcation in each experimental condition, as a function
of the lag between T1 and T2, are illustrated for the control
group and each ADys case in Fig. 5. For each experimental
condition, modiﬁed t-tests were carried out to compare the
performance of each ADys case with that of the control
group. In the digit condition, the accuracy level of the con-
trol group was met by case SW at 400 msec, case SM at
600 msec, and cases GP and TC at 800 msec (ps < 0.01).
In the letter condition, performance was comparable to
the control group for cases SM and GP across all lags,
and for case SW at 400 msec (ps > 0.05). Cases TC andADys case as a function of diﬀerent intervals between T1 and T2; (a) digit
J. Buchholz, A. Aimola Davies / Vision Research 47 (2007) 1292–1302 1299GM showed poorer performance than the control group at
all lags (ps < 0.01). Paired sample t-tests indicated that the
performance of all the ADys cases showed overall improve-
ment in accuracy in the letter condition compared to the
digit condition (ps < 0.05).
4. Discussion
At the group level, the results of the present study are
consistent with the Hari et al. (1999) adult study and the
Visser et al. (2004) child study, indicating an overall diﬃ-
culty by the dyslexia group to process rapidly presented
visual material. However, comparisons between each indi-
vidual dyslexia case and the control group indicated that
not all dyslexia cases presented with this diﬃculty. Further-
more, the degree of diﬃculty appeared dependent on the
type of material being presented. Thus, the ﬁndings of this
study suggest that while the resources required to process
and identify rapidly presented material may be compro-
mised in dyslexia, this is not a necessary (nor perhaps suf-
ﬁcient) cause for dyslexia.
As expected, the control group in this study showed
impaired ability to identify a second target item when it
was presented within 500 msec of a ﬁrst target item. This
is consistent with the AB reported in studies using similar
paradigms (e.g., Raymond et al., 1992; Duncan et al.,
1994). The dyslexia group showed a longer AB deﬁcit,
between 600 and 800 msec, in agreement with that previ-
ously reported in adults with dyslexia (Hari et al., 1999).
The diﬀerence in AB between the two groups across exper-
imental condition remained relatively constant (approxi-
mately 400 msec), since both groups demonstrated
improved performance when target selection was based on
conceptual category rather than on the physical character-
istic of colour. Accordingly, it is unlikely that linguistic pro-
cessing deﬁcits were responsible for the longer AB shown by
the dyslexia group because no improvement would be
expected given that both experimental conditions required
items to be named. Distractor interference alone and
decreased vigilance are also unlikely factors because the
dyslexia group demonstrated good performance in identify-
ing a single target amongst distractors. The deﬁcit appears
to be a consequence of the necessity to identify two targets
from amongst distractors, presented in rapid succession.
The additional ﬁnding of deﬁcits in T1 identiﬁcation for
the dyslexia group suggest that the two targets are in com-
petition for the resources necessary for identiﬁcation. In
contrast to the ﬁndings of Lacroix et al. (2005), and despite
similar methodologies, the results of the present study indi-
cate that the dyslexia group automatically process the stim-
uli beyond initial encoding necessary for recall at the end of
each trial. Speciﬁcally, in the experimental condition where
the target was a red digit, the individuals with dyslexia
showed longer AB than the control group, not shorter as
reported in the study by Lacroix et al. (2005). Thus, compe-
tition for attentional resources was occurring, and there was
an associated diﬃculty for these individuals. The sample ofadolescents tested by Lacroix et al. (2005) demonstrated
more variability in the reading diﬃculties they exhibited,
compared to the adults in the present study. Speciﬁcally,
two subgroups showed comprehension diﬃculties in addi-
tion to word identiﬁcation and/or word attack. Given the
relatively small sample used, this may have led to the dis-
crepancy between the two studies, and the ﬁndings of previ-
ous researchers (Hari et al., 1999; Visser et al., 2004).
It has been suggested that diﬀerences on this measure
might stem from developmental delays (Visser et al.,
2004). A comparison of AB length for the dyslexia groups
in Visser et al. (2004) (>1400 msec), Hari et al. (1999)
(approximately 700 msec) and the present study (approxi-
mately 600–800 msec) supports this hypothesis. In addi-
tion, the current study shows that at the individual level,
AB for the ADys cases is quite variable, with some showing
performance close to that of the control group. This may
indicate that they have at least partially overcome the
attentional deﬁcits (through maturation processes or devel-
opment of strategies) and thus ameliorated the severity of
the AB. Other performances, such as reading, may also
beneﬁt from the maturation and/or strategy development
resulting in the compensated adult with dyslexia. However,
the individual case ﬁndings suggest that there is no direct
relationship between performance on the AB task and
reading ability. Speciﬁcally, the performance of case SW
was comparable to the control group, whereas case GM
showed the longest AB, yet both these cases showed severe
reading diﬃculties (see Table 1). Thus, while present, diﬃ-
culties in processing rapid stimuli does not appear directly
related to the reading diﬃculties shown by the ADys cases
in this study.
Of consideration, is the possibility that the poor perfor-
mance of case GM may be due to this participant being the
eldest. However, correlational analysis for the experimental
conditions, of age against performance at each lag for each
group were not signiﬁcant (ps > 0.3). Although not conclu-
sive, given the small sample sizes, this suggests that perfor-
mance was not dependent on age. Furthermore, case TC
was the second youngest in the dyslexia sample and showed
the second worst performance. However, even if age were a
component, one would still expect some improvement in
performance as attentional dwell time increases. Case
GM did not show signiﬁcant improvement in performance
across lags. In research previously reported (Buchholz &
Aimola Davies, 2006), cases GM and TC demonstrated dif-
ﬁculty on a task containing attentional distraction (audi-
tory domain) and a task of auditory memory. It may be
that these diﬃculties are also present within the visual
domain and are responsible for the particularly poor per-
formance on the attentional blink task in this study. The
results also indicate that stimulus characteristics play an
important role in determining the size of the AB. A longer
AB was found in the digit-only condition where all items
were digits, compared to the letter-as-target condition
where the targets were letters and the distractor items were
digits. According to the two stage model of AB (Chun &
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more conceptually dissimilar from the other items and
therefore it is possible for participants to relax the target
detection criteria. That is, fewer target-relevant features
require detection in Stage 1 before T1 can move to Stage
2. T1 can exit Stage 2 sooner and is therefore more likely
to be completely processed by the time T2 appears, allow-
ing T2 to enter Stage 2, thus reducing the AB. In contrast,
the interference model (Shapiro et al., 1994) of AB explains
the eﬀects of target-distractor dissimilarity diﬀerently.
According to this model, increasing the dissimilarity
between targets and distractors reduces competition of tar-
get masks (that is, the ﬁrst distractor appearing following
the target) and noncritical distractors (that is all other dis-
tractors) for the processing resources engaged by T1 and
T2. Instead, when all the stimuli are digits, the target masks
and noncritical distractors share the same conceptual cate-
gory and many of the perceptual features with the target.
Therefore, they compete for many of the same processing
resources. When the targets are letters, the masks and dis-
tractors compete less eﬀectively because they do not belong
to the same conceptual category. Thus the AB is reduced.
Despite the diﬀerences in explanation, both models appear
to agree that the degree of conceptual similarity between
the targets and other items alters the level of attentional
resources required to select and process the targets. These
models also predict better T1 accuracy in the letter-as-tar-
get condition. However, while no signiﬁcant eﬀect of exper-
imental condition was observed for T1 accuracy of the
control group (in fact they performed near ceiling), the
ADys cases showed signiﬁcant improvement in the letter-
as-target condition. Thus, it appears that the attentional
system is less taxed in the letter-as-target condition than
the digit-only condition, allowing better performances to
be observed in the ADys cases. If linguistic diﬃculties were
key to the diﬃculties shown by the dyslexia individuals,
one would expect changing the conceptual category of
the target items being named relative to the distractor items
(as in the letter-as-target condition) to either have no eﬀect
on performance or to worsen it. One would not expect
improvement of performance in the letter-as-target condi-
tion relative to the digit-only condition (where all named
items shared the same conceptual category).
Another interesting ﬁnding of this study was the
improvement in T1 identiﬁcation with increasing lag for
both the control group and the individuals with dyslexia.
This suggests that competition occurs between T1 and
T2. It has recently been demonstrated that a delay between
detection and selection of targets occurs during the AB
(Nieuwenstein et al., 2005). At short lags when attention
is ﬂexible (see Potter et al., 2002), a delay of T1 selection
may allow involuntary shifts of attention to T2 resulting
in competition with T1 for processing. An alternative
explanation is that at short lags the delay between detection
and selection of targets results in T1 occupying the visual
short term memory store when T2 is presented (Shapiro
et al., 1994). This in turn leads to competition for atten-tional resources, and identiﬁcation accuracy of both targets
is reduced. Again, while these explanations diﬀer, both con-
cur that competition for attentional resources is greater
between the two targets at short lags.5. Conclusions
This study showed that variations in target processing
requirements, as determined by conceptual similarity to
distractor items, could alter the performance on an AB
task. The ﬁndings also demonstrate that the long AB
observed in dyslexia do not result from diﬃculties in pro-
cessing linguistic stimuli, that is naming of stimuli. These
ﬁndings have important implications in the study of atten-
tional processes in dyslexia since they indicate that deﬁcits
may be ameliorated or at least reduced under certain exper-
imental conditions. The case-by-case analyses showed that
although all individuals with dyslexia have a reduced atten-
tional capacity, there did not appear to be a direct relation-
ship between the magnitude of the AB and the degree of
reading diﬃculty.References
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